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INTRODUCTION 


The  Resource  Conservation  and  Recovery  Act  (RCRA)  of  1976  requires 
that  waste  derived  fuels  be  used  to  the  maximum  extent  practicable  In 
federally-owned  facilities.  In  response  to  this  legislation,  the  U.S. 
Department  of  Oefense  has  conducted  numerous  studies  In  resource  recovery 
and  has  installed  and  Is  operating  several  wa»te-to-energy  systems. 

Since  the  late  1970‘s,  evidence  has  accumulated  Indicating  that  waste-to- 
energy  plants  In  the  20  to  200  TPD  range  are  technically  and  economically 
viable.  A  large  number  of  modular  Incinerator  systems  with  heat  recovery 
are  now  In  operation,  and  It  Is  expected  that  the  number  will  grow  rap¬ 
idly  In  the  next  few  years. 

In  July  1982,  Cal  Recovery  Systems  prepared  a  report  for  the  Navy  In 
which  details  of  capital,  operating  and  maintenance  costs  for  starved-alr 
heat  recovery  Incinerators  were  presented. ^  In  September  1982,  the 
material  In  this  report  was  supplemented  with  a  statistical  analysis  of 
costs  and  reissued  as  a  Technical  Memorandum  by  the  Naval  Civil  Engineer¬ 
ing  Laboratory. ^  The  following  report  provides  additional  design, 
performance  and  cost  data  for  both  starved  air  and  excess  air  heat  recov¬ 
ery  Inblnerators. 

DATA  COLLECTION  METHODS 

Manufacturers  and  vendors  of  heat  recovery  Incinerators  were  Identi¬ 
fied  through  a  search  of  the  literature  and  contacted  for  a  list  of  their 
heat  recovery  Incinerators  in  the  0.75  to  3.0  ton  per  hour  capacity  range 
The  owners  and  operators  of  the  Incinerator  equipment  were  then  contacted 
bata  on  design,  performance  and  costs  were  then  compiled  by  carefully 


following  a  format  of  questioning  developed  In  the  planning  stage  of  the 
study. 

DATA  AVAILABILITY 

In  general,  manufacturers  and  vendors  were  responsive  to  the  survey. 
All  those  contacted  supplied  a  list  of  operating  facilities  meeting  the 
required  range  of  specifications.  Some  also  supplied  the  names  and  tele¬ 
phone  numbers  of  plant  owners  and  managers.  To  the  knowledge  of  the 
author,  these  lists  were  representative  and  complete  for  manufacturers 
Investigated  except  for  plants  which  had  been  shut  down  either  perma¬ 
nently  or  for  an  extensive  period  of  time. 

Owners  and  operators  of  plants  were  usually  cooperative  when  con¬ 
tacted.  Available  technical  Information  on  their  system  was  supplied 
generally  without  reservation.  However,  some  owners  would  provide  only 
minimal  design  data  as  a  result  of  a  continuing  dispute  with  the  manufac¬ 
turer  and  the  possibility  of  future  litigation.  In  addition,  some  manu¬ 
facturers  and  owners  held  the  belief  that  supplying  certain  types  of  data 
would  damage  their  strong  competitive  posture  in  a  lucrative  waste-to- 
energy  market. 

Most  owners  and  operators  supplied  available  Information  on  capital 
costs.  In  contrast,  recurring  operation  and  maintenance  costs  were  ex¬ 
ceptionally  difficult  to  obtain.  Many  plant  managers  did  not  compile  any 
of  their  operating  cost  data.  A  small  number  of  owners /operators  were 
able  to  supply  total  operating  costs,  and  a  significantly  fewer  number 
were  able  to  provide  a  breakdown  of  these  costs.  In  some  cases,  the  to¬ 
tal  operating  cost  was  an  annual  fee  paid  by  the  owner  to  a  subcontractor. 
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PROCESS  DESCRIPTIONS 


Modular  heat  recovery  Incinerators  (HRI )  are  generally  characterized 
as  being  factory  assembled  and  designed  for  staged  combustion  with  com¬ 
bustion  air  control.  A  number  of  modules  may  be  Integrated  to  Increase 
overall  capacity  and  plant  reliability.  Use  of  common  ancillary  equip¬ 
ment  may  also  result  In  reduced  capital  and  operating  costs. 

Both  starved-alr  and  excess  air  Incinerator  designs  are  available. 
Air  and  auxiliary  fuel  flow  can  be  preset  In  accordance  with  feedstock 
throughput  and  heating  value  or  continuously  modulated  In  response  to 
combustion  chamber  temperature.  In  the  starved-alr  design,  a  substol- 
chlometrlc  quantity  of  air  Is  Introduced  Into  the  primary  combustion 
chamber.  The  fuel  gas  and  particulates  produced  are  combusted  In  the 
secondary  combustion  chamber.  In  the  excess  air  design,  air  In  excess  of 
stoichiometric  requirements  Is  Introduced  Into  both  primary  and  secondary 
combustion  chambers.  Whereas  auxiliary  fuel  mqy  only  be  required  Inter¬ 
mittently  In  the  starved-alr  design,  the  requirement  Is  continuous  In  the 
excess  air  design. 

In  essence,  the  seconaary  combustion  chamber  In  the  excess  air  In¬ 
cinerator  acts  as  an  afterburner.  Excess  air  Incinerator  manufacturers 
claim  that  in  this  way  control  of  emissions  Is  enhanced.  They  also  claim 
that  excess  air  operation  enables  operation  at  design  capacity  and  re¬ 
duces  the  carbon  content  of  the  residue.  On  the  other  hand,  starved-alr 
Incinerator  manufacturers  claim  that  starved-air  operation  requires  less 
combustion  air  and  that,  consequently,  the  power  requirements  of  fan 
motors  are  reduced  and  the  lower  gas  velocities  reduce  particulate 
entrainment. 


Process  descriptions  of  available  beat  recovery  Incinerators  are  de- 
scrlbeo  In  the  following  pages.  Design  differences  are  highlighted  and 
the  overall  performance  of  each  system  described. 

BASIC  ENVIRONMENTAL  ENGINEERING 

Basic  Environmental  Engineering  has  furnished  numerous  incinerators 
to  various  solid  waste  generating  facilities.  Data  from  seven  of  these 
are  presented  In  Appendix  B.  All  are  excess  air-type  models  ranging  from 
2500  to  10,000  pounds  per  hour  In  design  capacity.  Different  types  of 
industrial  and  municipal  wastes  are  Incinerated  and  recovery  Is  practiced 
at  each  facility.  One  of  the  Incinerators  is  fitted  with  a  scrubber  to 
remove  HC1  from  the  combustion  of  plastics. 

The  most  recent  Basic  design  utilizes  a  suspended,  agitated  hearth 
In  conjunction  with  waterwall  heat  recovery  in  the  primary  chamber.  The 
hearth  consists  of  a  suspended  brick  furnace  floor  In  step  configuration 
with  air  jets  along  the  steps.  The  hearth  Intermittently  reciprocates 
and  the  solid  waste  Is  combusted  as  It  moves  along  the  length  of  the  com¬ 
bustion  chamber.  At  the  end  of  the  nearth  the  ash  falls  into  a  water 
sealed  pit  and  is  mechanically  scooped  out  by  a  dragline  ash  removal 
system. 

Approximately  30  percent  of  the  steam  output  Is  generated  In  the 
waterwalls  of  the  primary  chamber.  Excess  air  and  combustion  products 
pass  from  the  primary  combustion  chamber  through  a  convection  section 
where  additional  steam  output  Is  produced  In  a  conventional  bare-tube 
feedwater  boiler.  Steam  output  ranges  from  10  million  to  56  million 
Btu/hr  using  an  economizer.  Steam  pressures  up  to  625  psi  are  available 
using  this  type  of  design. 


BRULE 


Brull  offers  a  6000  pound/per  hour  starved  air  heat  recovery  Incinerator 
utilizing  three  stage  combustion.  Data  from  two  facilities  burning  in¬ 
dustrial  waste  are  shown  in  Appendix  C.  Usual  components  of  the  Brultf 
system  Include  feed  and  ash  removal  mechanisms,  combustion  chambers,  aux¬ 
iliary  feed  burners,  a  heat  recovery  boiler,  stacks  (dump  stack  and  en¬ 
ergy  stack)  and  controls.  A  facility  in  Milwaukee,  Ml,  is  fitted  with  a 
scrubber  although  the  rationality  for  this  is  not  clear. 

As  Is  the  case  with  most  of  the  other  designs,  waste  material  is 
charged  into  the  primary  combustion  chamber  of  a  Brull  Incinerator  using 
a  hydraulic  ram.  Stoichiometric  air  Is  added  to  the  primary  chamber  and 
the  combustible  fuel  gases  produced  are  burned  with  40  to  100  percent 
excess  air  In  secondary  and  tertiary  combustion  chambers.  The  combustion 
gases  leaving  the  tertiary  chamber  are  first  passed  through  an  air  cy¬ 
clone  to  remove  particulates  and  then  a  water  tube  heat  exchanger  for 
energy  recovery.  The  ash  residue  drops  through  grates  in  the  primary 
chamber  Into  a  quench  or  dry  pit. 

CLEAR  AIR 

Clear  Air  offers  both  starved  and  excess  air  incinerators.  Four 
starved  air  models  are  offered  with  throughput  capacities  ranging  from 
approximately  2100  to  4000  pounds  per  hour.  Five  excess  air  models  have 
capacities  ranging  from  6000  to  16,000  pounds  per  hour.  Data  from  one  of 
these  facilities  are  shown  in  Appendix  J.  Typical  components  included  in 
both  starved  and  excess  air  systems  are  feed  and  ash  handling  mechanisms, 
primary  and  secondary  combustion  chambers,  grates,  auxiliary  burners,  a 
boiler  section,  stacks,  and  controls. 

In  the  starved  air  models  a  hydraulic  feed  ram  deposits  waste  mate¬ 
rial  in  the  primary  chamber  where  it  is  burned  under  sub-stoichiometric 


conditions.  A  reciprocating  grate  moves  the  material  through  the  primary 
chamber.  Ash  is  dropped  into  a  quench  pit  from  which  it  is  removed  via  a 
drag  conveyor.  The  fuel  gas  from  the  primary  chamber  passes  to  a  secon¬ 
dary  combustion  chamber  where  a  temperature-controlled  auxiliary  fuel 
burner  completes  the  combustion  process.  Combustion  gases  leaving  the 
secondary  combustion  chamber  are  then  drawn  through  a  heat  recovery 
boiler  and  exhaust  stack.  A  dump  stack  provides  for  the  venting  of  com¬ 
bustion  product  gases  when  energy  recovery  is  not  required.  A  temperature 
controlled  burner  in  the  secondary  combustion  chamber  maintains  a  preset 
temperature  by  modulating  combustion  air  and  auxiliary  fuel  gas. 

In  the  excess  air  model,  waste  material  is  moved  through  the  chamber 
and  ash  is  deposited  in  the  same  way  as  with  the  starved  air  system. 
Combustion  products  pass  from  the  primary  chamber  over  a  bridge  wall  and 
under  a  drop  arch  into  the  secondary  chamber.  Gas  velocity  is  reduced  in 
the  secondary  chamber  to  allow  for  particulate  settling  prior  to  entrance 
into  the  boiler  section. 

COMPTRO 

Comptro  offers  three  starved  air  heat  recovery  incinerator  models 
having  capacities  in  the  range  of  1450  to  2670  pounds  per  hour.  Major 
components  include  a  ram  charging  device,  primary  and  secondary  combus¬ 
tion  chambers,  a  heat  recovery  unit  and  a  stack  and  controls.  Automatic 
ash  removal  is  optional.  Data  for  four  facilities  are  shown  in  Appendix 
D.  Typically  waste  is  charged  by  hydraulic  rams  and  ash  is  pushed  to  the 
rear  of  the  primary  chamber  by  injection  of  new  waste  materials.  On 
units  with  an  optional  automatic  ash  removal  system,  a  door  in  the  bottom 
rear  of  the  primary  chamber  periodically  opens  and  ash  drops  into  a  hold¬ 
ing  container.  By  varying  the  stroke  of  the  hydraulic  rams,  the  through¬ 
put  is  control  lea  to  achieve  maximum  burnout.  Combustion  is  also 


regulated  in  both  combustion  chambers  by  modulating  air  flow  and  using 
auxiliary  fuel  to  maintain  chamber  temperatures .  The  secondary  chamber 
is  designed  to  maintain  gas  throughput  at  a  temperature  of  1800*F  for 
approximately  one  second.  The  by-pass  damper  allows  gases  to  be  drawn 
through  the  heat  recovery  boiler  in  proportion  to  energy  demand. 

A  unit  in  Darlington,  PA,  is  fitted  with  a  scrubber  to  control  emis¬ 
sions  from  the  combustion  of  solvents.  Available  data  indirates  that 
operational  problems  and  costs  associated  with  this  equipm  are 
substantial. 

CONSUMAT  SYSTEMS 

The  Consumat  incinerator  is  a  two-chamber  unit  designed  for  starved 
air  operation.  Consumat  currently  offers  eight  units  ranging  from  1250 
to  8,400  pounds  per  hour  in  capacity. 

Unit  operation  involves  loading  waste  into  a  ram  feeder  by  tractor 
and  automatically  injecting  the  material  into  the  primary  combustion 
chamber.  Transfer  rams  then  move  the  material  slowly  through  the  system. 
The  primary  combustion  chamber  is  provided  with  a  substoichiometric  quan¬ 
tity  of  air  so  that  a  fuel  gas  is  generated.  This  fuel  gas  is  fed  to  the 
upper  secondary  combustion  chamber  and  combusted  with  air  which  is  con¬ 
trolled  to  maintain  a  preset  fuel-to-air  ratio  and  combustion  chamber 
temperature.  The  combustion  gases  then  pass  into  a  heat  exchanger  where 
steam  is  produced.  A  steam  separator  ensures  high  quality  steam.  When 
steam  is  not  required,  combustion  gases  are  vented  through  the  dump  stack. 
The  ash  residue  is  quenched  and  then  conveyed  to  a  closed  bottom  container. 

In  addition  to  the  single  module  plant,  Consumat  offers  a  number  of 
module  combinations  providing  plant  capacities  up  to  500  tons  per  day. 
These  module  combinations  are:  a)  two  starved-air  chambers  combined  with 


a  single  secondary  combustion  chamber  feeding  a  single  boiler  ('Dual'  sys¬ 
tem),  b)  three  starved-air  chambers  combined  with  three  secondary  combus¬ 
tion  chambers  and  two  boilers  {'Tri-Pac'  system),  and  c)  four  starved-air 
chambers  coupled  to  either  two  or  three  boilers  ('Quad-Pac'  system) ,  The 
manufacturer  claims  that  compared  to  the  single  unit  systems,  multiple 
unit  systems  offer  reduced  capital  cost;  more  uniform  gas  and  steam  flows; 
large  turn-down  capacity  ratios  with  minimal  reduction  in  overall  effi¬ 
ciency;  and  inexpensive  system  redundancy  to  facilitate  routine  mainte¬ 
nance  and  seasonal  load  variation.  Data  from  twenty-eight  Consumat  facil¬ 
ities  are  presented  in  Appendix  E. 

ECONO-THERM 

Two  starved-air  incineration  systems  are  offered  by  Econo-Therm,  and 
are  designed  to  process  1500  and  2000  pounds  per  hour  of  waste.  A  hy¬ 
draulic  ram  feed  mechanism,  primary  and  secondary  combustion  chambers,  a 
low  pressure  heat  recovery  boiler  with  induced  draft  fan,  and  a  single 
stack  are  characteristic  of  the  system.  The  secondary  comoustion  chamber 
includes  a  combustion  tunnel  followed  by  a  series  of  baffles  to  entrain 
particulates.  Ash  residue  is  either  manually  removed  or  automatical ly 
dumped  (in  a  dry  state  in  both  cases). 

Data  from  three  Econo-Therm  facilities  are  presented  in  Appendix  E. 
ENVIRONMENTAL  CONTROL  PRODUCTS  (E.C.P.) 

E.C.P.'s  line  of  three  starved  air  models  designed  to  process  between 
approximately  1475  and  2400  pounds  per  hour  of  industrial  and  municipal 
wastes.  Standard  equipment  includes  primary  and  secondary  combustion 
chambers,  a  waste-heat  boiler,  flue  gas  stacks,  burners,  fans,  associate 
electrical  and  plumbing  equipment,  a  fuel  and  air  controller  and  a  brick 
hearth.  An  automatic  ram  loading  mechanism  and  ash  removal  system  are 
commonly  employed. 
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As  is  the  case  with  roost  designs,  material  Is  fed  Into  the  charging 
hopper  and  forced  into  the  primary  combustion  chamber  by  a  hydraulic 
ram.  Waste  is  constantly  moved  along  the  length  of  the  tiered  primary 
chamber  by  the  hydraulic  ram  mechanism  and  is  burned  under  substoichio- 
metric  air  conditions  to  produce  a  volatile  gas.  Ash  is  pushed  into  a 
quench  pit  at  the  end  of  the  primary  combustion  chamber  and  typically 
conveyed  either  continuously  or  intermittently  into  a  storage  hopper. 

The  fuel  gas  enters  the  secondary  chamber  where  sufficient  air  Is  added 
to  burn  it  to  completion.  Combustion  gases  are  drawn  through  a  fire  tube 
waste-heat  boiler  by  an  induced  draft  fan  to  produce  steam  or  hot  water. 

A  control  system  monitors  combustion  chamber  temperatures,  adjusts  com¬ 
bustion  air  and  modulates  chamber  burners  according  to  energy  require¬ 
ments.  Oata  from  thirteen  facilities  are  presented  In  Appendix  G. 

GIERY 

Giery  offers  two  models  of  starved  air  incinerators  designed  to  burn 
2000  and  6000  pounds  per  hour  of  waste  per  day,  respectively.  A  typical 
system  includes  a  feed  conveyor,  primary  and  secondary  rotary  combustion 
chambers,  primary  burner,  heat  recovery  boiler,  and  stack.  The  secondary 
combustion  chamber  does  not  have  a  burner. 

The  process  of  Incineration  and  heat  recovery  involved  introducing 
waste  material  from  a  conveyor  into  the  top  of  a  rotating  combustion  unit 
where  it  is  burned  under  starved  air  conditions.  The  resultant  fuel 
gases  are  burned  to  completion  in  a  vertical  after-burner  section  where 
secondary  air  is  introduced  in  a  tangential  mode.  Ash  continually  drops 
through  grate  bars  in  the  rotary  drum.  An  induced  draft  fan  draws  the 
combustion  gases  from  the  secondary  chamber  through  a  heat  recovery 
boiler  ana  any  air  pollution  control  equipment  before  discharge  to  the 
atmosphere. 


KELLEY 


Kelley  offers  two  starved  air  heat  recovery  Incinerator  models  capa¬ 
ble  of  processing  approximately  1300  and  2600  pounds  per  hour  of  wastes. 
The  secondary  combustion  chamber  In  the  Kelley  design  consists  of  a  ther¬ 
mal  reactor  just  slightly  larger  In  diameter  than  the  duct  which  connects 
It  to  the  primary  chamber.  The  principles  of  operation  and  process  flow 
Involved  In  Kelley  heat  recovery  Incinerator  systems  are  as  follows. 

Waste  Is  Injected  Into  the  primary  combustion  chamber  with  an  auto¬ 
matic  ram.  Fuel  gases  produced  by  decomposition  In  the  primary  chamber 
under  starved-alr  conditions  are  burned  to  completion  In  the  secondary 
chamber.  Energy  Is  recovered  by  drawing  the  combustion  gases  from  the 
secondary  chamber  through  a  fire  tube  waste-heat  boiler.  Unlike  the  Con- 
sumat  or  E.C.P  systems,  a  single  stack  Is  used  with  Kelley  Incinerators. 

A  modulated  damper  situated  between  the  boiler  and  the  Induced  draft  fan 
permits  part  or  all  of  the  combustion  gases  to  flow  through  the  boiler. 
Ash  is  removed  either  manually  or  by  means  of  an  automatic  ram  mechanism. 
Data  for  thirteen  facilities  are  presented  in  Appendix  H. 

MORSE  BOULGER 

Excess  air  models  are  offered  by  Morse  Boulger  with  throughput 
capacities  ranging  from  1300  to  4700  pounds  per  hour.  The  principal  com¬ 
ponents  of  these  models  Include  a  loading  ram,  primary  and  secondary  com¬ 
bustion  chambers,  boiler,  stack  and  controls.  The  process  of  Incinera¬ 
tion  and  heat  recovery  is  as  follows. 

A  charging  ram  feeds  waste  into  the  primary  combustion  chamber  of 
the  controlled  air  unit.  An  Internal  ram  moves  material  to  the  back  of 
the  chamber  where  ash  is  discharged  into  a  storage  pit.  Combusted  gases 


and  particulates  from  the  primary  chamber  are  passed  through  a  secondary 
combustion  chamber  and  then  through  a  heat  exchanger.  An  Induced  draft 
fan  ejects  the  spent  combustion  gases  to  a  stack.  Data  from  one  Horse- 
Boulger  facility  are  presented  In  Appendix  J. 

SIMONDS 

Four  starved  air  incinerators  with  heat  recovery  are  offered  by 
Slmonds  In  the  1500  to  3600  pounds  per  hour  range. 

The  waste  Incinerators  Incorporate  hydraulic  ram  waste  loading,  dual 
chamber  combustion,  a  fire  tube  waste-heat  boiler,  and  automatic  ash  re¬ 
moval  options.  Systems  with  heat  recovery  utilize  the  same  type  of  damp¬ 
ing  and  exhaust  discharge  scheme  as  described  for  the  Kelley  units. 

Waste  charging  takes  place  approximately  every  10  minutes.  The  combus¬ 
tion  chamber  temperature  Is  sensed  and  the  feed  rate  Is  automatically 
controlled  to  maintain  a  preset  temperature.  Data  from  five  Slmonds 
facilities  are  presented  In  Appendix  I. 

THERM-TEC 

Therm-Tec  offers  three  starved  air  models  ranging  In  capacity  from 
approximately  1250  to  3000  pounds  per  hour.  The  main  components  of  a 
typical  system  include  the  ram  feeder,  primary  and  secondary  combustion 
chambers,  a  heat  recovery  unit,  energy  and  dump  stacks,  and  controls. 

Waste  throughput  and  energy  recovery  processes  for  this  system  re¬ 
semble  those  of  the  Consumat  system,  i.e.,  hydraulic  ram  feed,  partial 
combustion  of  waste  in  the  primary  chamber,  and  complete  combustion  of 
fuel  gases  In  a  secondary  chamber.  Combustion  gases  vent  through  a  stack 
after  exiting  the  heat  recovery  boiler,  or  through  a  dump  stack  when 
energy  is  not  being  recovered.  Ash  is  moved  to  the  rear  of  the  primary 
combustion  chamber  by  a  moving  grate  where  it  Is  discharged  into  a  hold¬ 
ing  pit.  Data  from  one  Therm-Tec  facility  are  presented  In  Appendix  J. 


U.S.  SMELTING  FURNACE  CO. 

U.S.  Smelting  Furnace  Company  manufactures  three  models  of  starved 
air  incinerators  ranging  in  capacity  from  1500  to  2500  pounds  per  hour. 
Standard  equipment  includes  a  ram  loader,  primary  and  secondary  combus¬ 
tion  chambers,  heat  recovery  boiler,  stack,  and  controls.  The  incinera¬ 
tion  and  energy  recovery  process  is  as  follows. 

Waste  is  charged  into  the  starved  air  incinerator  by  a  hydraulic 
ram.  Material  is  pushed  to  the  rear  of  the  primary  chamber  as  it  burns, 
and  ash  Is  discharged  into  a  pit.  The  system  includes  a  single  stack. 

If  heat  recovery  capability  is  required,  an  Induced  draft  fan  draws  com¬ 
bustion  gases  through  the  heat  recovery  boiler  prior  to  their  discharge 
to  the  atmosphere  tnrough  the  stack.  When  heat  recovery  is  not  desired, 
the  induced  draft  fan  does  not  operate  and  gases  go  directly  out  the 
stack  from  the  secondary  chamber.  Facility  data  for  a  U.  S.  Smelting 
Furnace  are  presented  in  Appendix  0. 

WASHBURN  AND  GRANGER 

Washburn  and  Granger  offer  starved  air  Incinerator  models  with  heat 
recovery  having  waste  waste  throughput  capacities  ranging  from  1100  to 
2000  pounds  per  hour.  Automatic  feed  system  and  stoker  grates  are  op¬ 
tional.  Automatic  ash  removel  Is  offered  on  systems  designed  to  burn 
more  than  800  pounds  per  hour  of  waste.  Facility  data  for  one  Washburn 
and  Granger  incinerator  are  presented  in  Appendix  J. 


DESIGN  AND  FACILITY  DATA 


DESIGN  DATA 

Design  data  for  51  heat  recovery  Incinerator  models  which  meet  the 
requirements  of  this  study  are  shown  In  Tables  A-l  and  A-2  In  Appendix 
A.  Thirteen  manufacturers  are  represented.  Three  manufacturers  offer 
excess  air  and  eleven  offer  starved-alr  designs.  One  manufacturer.  Clear 
Air,  offers  both  types  of  design. 

Unit  design  capacities  range  up  to  8,400  pounds  per  hour  for  starved 
air  models  and  16,700  pounds  per  hour  for  excess  air  models.  All  manu¬ 
facturers  contacted  offer  a  complete  package  of  ancillary  equipment  In¬ 
cluding  fuel  and  ash  handling  equipment,  heat  exchanger  (boiler),  stack 
and  controls. 

Most  of  the  larger  units  have  automated  feed;  some  also  have  an  op¬ 
tional  manual  feed.  Ash  Is  usually  discharged  from  the  primary  combus¬ 
tion  chamber  by  hydraulic  ram  and  quenched  in  a  holding  tank. 

Primary  and  secondary  air  and  auxiliary  fuel  are  generally  con¬ 
trolled  by  temperature  sensors.  Air  handling  equipment  may  be  either 
forced  or  Induced  draft,  or  both. 

Auxiliary  fuel  burners  are  usually  located  In  both  primary  and  sec¬ 
ondary  combustion  chambers.  The  primary  combustion  chamber  burner  Is 
used  to  start  Ignition  and  assist  in  the  combustion  of  high  moisture  con¬ 
tent  wastes.  The  secondary  combustion  chamber  burner  is  operated  more 
frequently  and  In  some  cases  continuously  (e.g.,  excess  air  models)  to 
oxidize  organic  gases  and  particulates  generated  in  the  primary  combus¬ 
tion  chamber.  In  most  cases,  steam  for  process  heating  is  generated.  If 
the  feedstock  contains  substantial  halogenated  organics  (e.g.,  plastics 


and  solvents),  a  scrubber  may  be  required  for  air  emission  control.  If 
strict  control  on  particulate  emissions  Is  required  a  baghouse  may  be 
warranted. 

FACILITY  DATA 

As  a  result  of  discussions  with  the  Incinerator  manufacturers  a 
total  of  80  heat  recovery  Incinerator  facilities  were  Identified.  Site 
specific  details  of  design,  operation  and  costs  are  shown  for  each  manu¬ 
facturer  In  Appendices  B  through  J. 

A  review  of  these  data  has  lead  to  the  following  observations: 

(1)  Most  facilities  process  multi-component  Industrial  or  municipal 
wastes.  Incineration  of  Industrial  waste  Is  more  prevalent. 

At  several  plants,  waste  solvents  and  combustible  sludges  are 
also  Injected. 

(2)  Most  facilities  consist  of  a  single  module.  Those  manufactur¬ 
ers  who  have  experience  in  assembly  and  Installation  of  multi¬ 
ple  unit  systems  are  Comptro,  Consumat,  Environmental  Control 
Products  and  Kelley. 

(3)  Many  facilities  have  been  modified  since  Installation.  These 
modifications  are  often  associated  with  the  hydraulic  feed  or 
ash  removal  systems. 

(4)  A  number  of  facilities  are  designed  to  generate  steam  up  to  300 
pslg.  Very  few  facilities  generate  electricity  from  steam 
heating. 

(5)  Several  facilities  are  equipped  with  air  pollution  control 
equipment.  Scrubbers  are  used  to  control  halogenated  by¬ 
products  from  combustion  and  baghouses  are  used  to  control  par¬ 
ticulates.  Operating  and  maintenance  costs  for  air  pollution 
control  equipment  are  high. 


(6)  Actual  throughput  is  usually  significantly  lower  than  design 
throughput. 

(7)  Capital  cost  data  Is  available  for  many  facilities.  This  data, 
however,  exhibits  a  wide  range  of  variability.  Items  that  af¬ 
fect  plant  capital  cost  per  ton  of  waste  processed  are: 

(I)  number  of  units  and  unit  design  capacity 

(11)  manufacturing  methods  and  marketing  strategy 

(111)  materials  of  construction 

(1v)  inclusion  of  feedstock  preparation  and/or  air  pollu¬ 
tion  control  equipment 

(v)  degree  of  unit  redundancy 
(vl)  operating  schedule 

(vil)  design  modifications 
(vl 1 1 )  extent  of  spare  part  inventory 
(ix)  feedstock  heating  value  and  moisture  and  ash  contents 

(8)  Operation  and  maintenance  cost  data  Is  generally  Incomplete  and 
in  many  cases  unavailable.  Items  that  affect  operation  and 
maintenance  costs  per  ton  of  waste  processed  are: 

(i)  number  and  type  of  08M  personnel 

(II)  degree  of  automated  control 
( i i 1 )  labor  rates 

(1v)  preventative  maintenance  practices  ana  schedule 
(v)  operation  of  feedstock  preparation  and/or  air  pollu¬ 
tion  control  equipment 

(vi)  feedstock  characteristics  Including  types  of  compo¬ 
nents,  heating  value  and  moisture  and  ash  contents 
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(vll)  use  of  auxiliary  fuels  (including  combustible  waste 
liquids) 

viii)  type,  duration,  and  frequency  of  repairs 
(ix)  regulatory  classification  of  residue  and  subsequent 
transportation  costs  and  tipping  fee 
(x)  throughput  and  operating  schedule 
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Table  B-l.  Facility  Contact  Data 
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MS  .  refractory  seal  (5)  As  required  (AR) 


(2)  Includes  incinerator  and  heat  recovery  equipment 

(3)  Includes  installation,  building  and  utilities  (excludes  land  cost) 


Table  C-2.  Incineration  Plant  Data 


Table  C-3.  Ancillary  Equipment  Data 


Table  C-6.  Recurring  O&M  Expenditure  DataU) 


COMPTRO  DIVISION,  SUNBEAM  EQUIPMENT  CORP. 
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Table  D-2.  Incineration  Plant  Data 


"O 

O) 

1  /— 

o 

O 

00 

f— 1 

X  C  r— 

CO 

00 

r--» 

00 

1—1  fD 

CT1 

<T> 

cr> 

0)  4-> 

>-  «/> 

rH 

rH 

rH 

rH 

c 

o 

>> 

•  r 

•r— 

■u 

•  *  c 

to 

+->  -r-  X 

o 

o 

o 

o 

r—  a> 

-r— 

■f  U  .C 

o 

<u  Q. 

> 

c  <c  -~ 

o 

vo 

vc 

VO 

3  *5 

* r — 

=>  Q.XJ 

a 

* 

* 

•k 

s-  a. 

<_» 

<o  i— 

<_> 

CM 

C\J 

CVJ 

CM 

■O  -O 

o 

OJ  0) 

Su. 

>  X 

■M 

•r  >r 

CL 

c-  E 

E 

+->  0)  • 

CO 

o 

o 

O 

<u 

O 

*-  "O  o 

Lf> 

LO 

LO 

"O  x> 

o 

e  o  z 

1 

1 

1 

1 

c 

=>  3E 

<c 

c 

<c 

<u  (O 

«k 

t/> 

c 

3  4-> 

o 

>1 

-  C 

•1— 

4-  X  in 

a>  *r- 

+-> 

o  <0  4-> 

ro 

S-  c. 

<o 

E 

o. 

X 

•  -r-  e 

m 

rH 

rH 

rH 

II  «/> 

o 

OLD 

* 

CL 

Z  Cl. 

u_  <u 

x 

o  c 

o 

CM 

Q£ 

o 

II 

>, 

•  r 

+J 

C  x> 

o 

o 

o 

o 

o>  a. 

c 

4-»  CTI-r-  X 

o 

rv. 

4-> 

<u 

c  -r-  a  x: 

o 

VC 

vc 

VC 

00  -  * 

E 

fl  1/1  IB - 

» 

* 

•* 

•k 

<a  a> 

CL 

<—  <U  CL  XI 
O.Q  oi- 

to 

CM 

C\J 

CM 

i  4-> 

•r- 

00 

3 

C_) 

+->  <o 

cr 

c  5  -Q 

UJ 

IO  1— ■ 

r-  >>  ^ 

E 

r— ^ 

Q.  >  3 

o 

r— * 

ft}  +•> 

<U 

r— H 

• 

o 

f—  c  00 

■O 

^**/ 

1 

36 

on 

a. 

*0 

c 

cu  a) 

>— <» 

o  "  8 

3 

+->  CL 

I/O 

</>  >i 

■ 

• 

• 

L  2  tf> 

uzo  •* 

<a  t— 

u. 

T3 

"O 

■o 

3 

a 

C 

c 

c 

E  o  vo 

•  ■ 

cc 

*—* 

M 

rH 

r  •  r  O 

L. 

OX*  II  >t 

0> 

U  0)  -o 

Sw 

- CL  II  (U  1 

3 

>—  10  3-0 

■M 

«  CL  3  C 

U 

•—  IQ  « 

05  1 

• 

X  XJ  >  ■»■> 

o 

• 

■m  a»  lo  i/i 

3 

o 

</>  +>  4-»  c n 

C 

CJ 

3  <o  c  c  c 

*0 

X 

• 

T3  Ol  <U  •>-  O 

£ 

< 

o 

*5 

C/J 

C  3  >  -W 

X 

*"3 

CO 

-M 

t/l 

•1-  X  >—  M  *j 

L. 

o 

<U 

<o 

XO(U-<- 

O 

*-> 

* 

c. 

s: 

n  o  v<£  c 

-M 

i«  X 

>> 

o 

vB 

U  3 

V-  V 

> 

4-J 

00 

•  II  r— 

i. 

<u  c 

«3 

£ 

T3 

o> 

"o  ii  ci  a» 

cu 

■53 

r— 

c 

C  O  3  C 

c 

o 

•r— 

H  JI/UlO 

u 

g 

• 

UO 

"2 

5, 

c 

X 

_ _ _  _ _ _ . 

c 

*— a 

1—4 

• 

=5 

o 

u. 

0) 

QC 

O 

o 

f-H  CM  CO 

D-3 


o  <o 

■C  > 


4J  tO  r— 

Q.<  O 
>*  O 
l—  o 


k. 

C 

<  o  — 

•f-  O 
1|_  -t->  L. 
O  3  4-> 

i—  C 

0)1-  O 
0.0  0 
>>o- 


a>  « 

c  c 

o  o 


m  o  o 

cm  ro  io 


I  c 
i  o 

I  *r—  L 

i  +->  a)  .c 

I  O 

I  3  «  -O 

•o  ecr- 

«-  o 

O)  k. 

CT)  CL 

c 

<o 

-C 

u 

X 

Ul 

«J  4-  0)  >) 

<0  o  k  os 

a>  ai  l 

x  E  >  at 

k.  o  c 

I  ODD 
I  U_  V 

I  a £ 


«  CO 


l/>  l/>  «/> 


CM  ■— t  •— l 


k  c 

0)  •!“ 


X  •  I— 

«t  O  <0 

rO  O  -t-> 

-  S-  ^ 

£  3  * 

n3  O  O 


A)  •  #i 

o  -a  -o 
3  0  0) 
•M  JE  >, 
0)0  0) 
k  C  > 
•f-  0)  c 
4-3  0 

O’  o 

II 

it  n 

)— 

u.  au 


Cost  DataU) 


■  ■  i 


Wellman  Industries  Johnsonville,  SC  Owner  Walter  Robinson 

(803)  386-2011 


Table  E-l.  Facility  Contact  Data  (cont. 


h 


OJ 

c 

o 


o 

<0 


o 

C_) 


s_ 

o 

+J 

<o 

s_ 

<u 

CL 

o 


c 

o 


TJ 

o 

o 


o 

r— < 

O 

in 

«— 1 

CSJ 

CSJ 

o\ 

C  Lf> 

r%. 

H 

rH 

O  ro 

O  1 

»— H 

1 

«? 

*— 

-C  VO 

<D  l£> 

CSJ 

<D  lO 

10 

-*->  m 

-*->  CSJ 

to  CM 

O  VO 

•r-  st 

-C 

«M  CM 
tO 

l/>  CM 
3 

ai  — 

3:  — 

r— 

on  *-* * 

—  00 

ro 

U.  lO 

iO 

>>o 

C  O 

o 

X)  r-H 

O  C\J 

O  CSJ 

TO 

o  «o- 

Q  — • 

O— • 

LU  ' 

CO  — « 

I 

u 


l/l 


o 

o  • 
o 
J-  o 
<u 

"O  c 
<—  o 


s_ 

<u 

c 

2 

o 


I* 

CO 


o 


X5 

c 


c 

3 

o 

o 

jl 

«o 

Q- 


c  in 
<o  o\ 
E  I 

CM 
u  <3* 
a>  in 

CO 

4->  00 

r— “ 

«o  a» 


00 
4->  rs. 
4->  in 
0)  I 
01  00 
l/>  CO 
»o  no 


C  CM 
<0  rM 

CD  to 
O  w* 


a> 

u  o 

£*8 

CM 

o  ci 

£  to 

(0 

»r*  * — % 

no 

•r-  no 


•—  o 

r>«. 

c 

o 

vo  vo 

r-  CM 

CM 

01 

l-  St 

V-  CO 

CTi 

i~  CM 

1 

c  1 

O  1 

•r-  no 

o  in 

z:  io 

x: 

l/l  VO 

oo 

oo 

—  <n 

VO  |N^ 

O  *-H 

>>o 
<o  m 
Si  — 


£  O 
•»-  no 


4-  r^. 

<0  o 

-C  CSJ 

- - 


s- 

s_ 

t. 

0) 

a) 

aj 

u 

j- 

v 

3 

3 

3 

4-» 

•4-> 

4-> 

U 

<_) 

(J 

10 

ns 

to 

4- 

4- 

V. 

V. 

4- 

3 

3 

a> 

a) 

3 

C 

C 

c 

c 

c 

tO 

10 

2 

X 

<0 

s 

£ 

O 

o 

21 

*A 


■O 

J- 

to 

X 

T3 


<u 


LU 

o 

o> 

V 

r— 

w 

c 

V 

•c— 

o 

•t 

QJ  (0 

•* 

T* 

(/» 

> 

g 

c 

U  "O 

•r* 

3 

<U 

*A 

i. 

C  tO 

g 

c 

0) 

3 

’J"  £ 

<0 

T3 

c 

jQ 

L  10 

•r 

<U 

a/ 

<0 

<0 

3 

a.  o 

3E 

an 

cd 

00 

00 

< 

o 

u 


Ol 

w 

a) 

Q. 

v> 

<u 

L. 

01 

ai 

c 

a) 

O 

aj 

c 

1 

c 

LU 

c 

c 

■r- 

<3 

8 

>> 

4-» 

4-> 

c 

3 

O 

o 

X3 

c 

3 

>0 

4-> 

c 

3 

c 

X 

O  *J 
•M  C 

0)  10 
+-> 

•r 

i 

■r* 

£ 

3 

*o 

aj 

or 

<v 

o 

4- 

o 

Q, 

> 

to 

<U 

+-) 

«o 

CO 

(/> 

S- 

o 

+-> 

o 

c 

u 

3 

n 

3 

c 

O 

<o 

u. 

«T5 

m 

tS) 

<0 

o 

v*- 

O 

c 

X 

o 

»— 

O 

-1C 

u 

to 

a. 

■w  a. 
o 

>—  0) 

U  *J 
to  t/i 

JC  10 

O  3 

4- 

O 

>» 

■M 

•r 

O 

o 

>> 

O 

•r* 

-C 

l/> 

c 

o 

H- 

<+- 

o 

>> 

•M 

■r» 

O 

10 

L. 

<u 

c 

0) 

CD 

o 

>1 

4-» 

•f- 

<-> 

E-3 


Table  E-l.  Facility  Contact  Data  (cont.) 
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Table  E-2.  Incineration  Plant  Data  (cont.) 
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Table  E-2.  Incineration  Plant  Data  (cont.) 
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Table  £-3.  Ancillary  Equipment  Data 
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Lockheed  WT  1  Steam  Baghouse 


Table  E-3.  Ancillary  Equipment  Data  (cont.) 
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Table  £-5.  Capital  Cost  DataU) 
Incinerator  Manufacturer:  Consumat  Systems 


Table  £-5.  Capital  Cost  DataU)  (cont.) 
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Table  E-6.  Recurring  O&M  Expenditure  Datad)  (cont.) 


(X)  Dollars  per  year  (1980/81);  excludes  interest,  depreciation,  and  insurance 

(2)  Includes  fuel  for  secondary  combustion  chambers  and  front-end  loaders 

(3)  Includes  chemicals  for  water  treatment  and  control  of  slagging 

(4)  Budget  estimate 


Table  E-6.  Recurring  O&M  Expenditure  DataU)  (cont.) 
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Table  6-1.  Facility  Contact  Data 
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Manufacturer:  Environmental  Control  Products 
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(1)  Ind.  =  industrial;  W  =  wood;  C  =  corrugated;  P  =  paper;  PI  =  plastic;  Cl  =  cloth;  MSW  =  municipal 
solid  waste 

(2)  Based  on  fuel  heating  value  =  6,500  Btu/lb 

(3)  One  unit  burns  MSW,  one  unit  burns  wood,  and  the  third  unit  is  shut  down  for  maintenance 
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(1)  W  =  watertube;  F  =  fi retube 

(2)  Q  =  quenched 

(3)  M  =  manual;  I  =  intermittent;  Ct  =  continuous;  C  =  conveyed;  B  =  back  hoe 


Manufacturer:  Environmental  Control  Products 
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Table  6-5.  Capital  Cost  DataU) 


o% 

CTl 

fH 

CVJ 

r** 

r-* 

pv* 

00 

00 

a> 

(T> 

cn 

Ol 

r*H 

rH 

H 

•H 

§o  o 
o  o 
o  o  o 

o  Q  O 
c*  o  o 
<t  r»«  co 


o  o  o 
O  O  O 

o  o  o 
•  *  * 
o  o  o 
m  m  cvj 
N  N  (O 


o  o 
o  o 
o  o 
.  . 

°  s 

CO  o 
*1-  to 


o  o 
o  o 
o  o 

A  •* 

O  LO 
O  I''. 
CVJ 


o  o 
o  o 
o  o 
*  <* 
o  o 

Lft  O 


o  o 
o  o 
o  o 

m  * 

o  m 

O  CVJ 

m  cvj 


o  o 
o  o 
o  o 
.  . 
o  ° 

O  CVJ 
VO  CVJ 


a> 

Q. 

o 

*o 

U 

> 

*0 

• 

<_> 

o 

•r- 

Q. 

o 

o 

S- 

r™ 

o 

fc. 

S- 

3E 

4-> 

o 

r™ 

ai 

0) 

U 

E 

-a 

V- 

a. 

f— 

*3 

0) 

«/> 

r— 

c 

03 

JO 

i ft 

03 

A3 

V- 

4-> 

AJ 

o 

jQ 

3 

4-i 

C 

Q_ 

o 

A3 

LU 

ro 

Qr 

•r— 

-Q 

(X 

<d 

• 

or 

c 

U 

o 

T 

■M 

3 

O 

o 

r— 

C 

o 

3 

0) 

A3 

od 

-C 

o 

4J 

o 

03 

03 

-O 

u 

4-» 

C 

u 

$- 

-C 

4-) 

03 

A3 

U 

03 

u 

0) 

03 

cn 

03 

«/> 

r— 

CD 

CTi 

0) 

c 

<o 

c 

•r» 

> 

4-> 

r— 

c 

A3 

f“ 

<M 

c 

#0 

A3 

03 

o 

o 

Jw 

•r- 

o> 

3 

O 

C 

«d 

o 

3 

S- 

L. 

S- 

5 

o 

Q. 

o 

O' 

o 

M 

z: 

z: 

cr 

►— 

u. 

co 

h- 

LL. 

(1)  Dollars 

(2)  Includes  incinerator  and  heat  recovery  equipment 

(3)  Includes  installation,  building  and  utilities  (excludes  land  cost) 

(4)  Includes  shredder 


Table  G-6.  Recurring  O&M  Expenditure  Data 


(1)  Dollars  per  year  (1981/82) 

(2)  includes  fuel  for  secondary  combustion  chambers  and  front-end  loaders 

(3)  Includes  chemicals  for  water  treatment  and  control  of  slagging 

(4)  Includes  labor  and  materials  for  maintenance  only 

(5)  System  includes  shredder 
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Table  H-2.  Incineration  Plant  Data 
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(1)  Dollars 

(2)  Includes  incinerator  and  heat  recovery  equipment 

(3)  Includes  installation,  building,  and  utilities  (excludes  land  cost) 


Table  H-6.  Recurring  O&M  Expenditure  Data 


(1)  Dollars  per  year  (1980/81);  excludes  interest,  depreciation,  and  insurance 

(2)  Includes  fuel  for  secondary  combustion  chambers  and  front-end  loaders 

(3)  Includes  chemicals  for  water  treatment  and  control  of  slagging 

(4)  Insignificant 


Table  1-1.  Facility  Contact  Data 


Table  1-2.  Inciner 


(3)  Downgraded  from  1200  lb/hr 


Table  1-3.  Ancillary  Equipment  Data 
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(1)  F  =  fi retube 

(2)  Q  =  quenched 

(3)  M  =  manual;  C  =  conveyed  ;  Ct  =  continuous 
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Table  1-6.  Recurring  O&M  Expenditure  Data 
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(3)  Includes  chemicals  for  water  treatment  and  control  of  slagging 
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(1)  MSW  =  municipal  solid  waste;  PI  =  plastic;  HW  =  hospital  waste;  NW  =  Navy  waste 

(2)  Based  on  fuel  heating  value  =  6,500  Btu/lb 
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